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(57) ABSTRACT

A unit locking a ring sector attachment device onto an aircraft
turbomachine casing, the unit including two clamping arms
connected to each other at their aft ends by a connecting arm
extending approximately parallel to the general direction
between the two clamping arms. The umt also includes a
passage enabling gripping of the unit on each side of a ficti-
tious median plane orthogonal to the circumierential direc-
tion, each passage being formed in the connecting arm,
extending along a direction line approximately parallel to the
direction between the arms.

Spivak,

16 Claims, 5 Drawing Sheets
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UNIT FOR LOCKING RING SECTORS ON A
TURBOMACHINE CASING, COMPRISING
RADIAL PASSAGES FOR GRIPPING I'T

TECHNICAL DOMAIN

This invention relates 1n general to a unit for locking a ring
sector attachment device onto an aircralt turbomachine, for
example a turbine casing.

The mvention also relates to a turbomachine for an aircraift
fitted with such locking units, this turbomachine possibly
being 1in the form of a turboprop or a turbojet.

STATE OF PRIOR ART

Ring sectors fixed circumierentially on the casing around
the mobile blades of the turbine of a turbojet and jointly
forming a continuous cylindrical envelope delimiting the out-
side boundary of the gas path in the turbine, are known 1n
prior art. The ring sectors are mounted on an internal casing of
the turbine by means of casing elements called intermediate
casing elements or spacers, onto which they are attached at
their forward end and they are held 1n place at their aft end by
C-shaped or horizontal U-shaped locking units. The aft ends
of these locking units are axially/longitudinally engaged on
circumierential rims of the aft ends of ring sectors and 1nter-
mediate casing elements, to hold them radially 1n contact with
cach other.

This attachment of ring sectors onto intermediate elements
of the turbine casing means that they can follow the thermal
expansions and contractions of the turbine casing into which
hot gases or cold gases are injected to control its thermal
expansions and contractions so as to keep the smallest pos-
sible radial clearance between the internal surfaces of the ring
sectors and the ends of the mobile blades of the turbine, and
thus increase the turbine efficiency.

The locking units jointly form an annular locking device
centred on the centre line of the turbomachine 1n a known
manner, therefore each unit only forms one angular sector of
this device. Each unit comprises two longitudinal tightening,
arms extending axially/longitudinally along the aft direction
and connected at their ait ends by a connecting arm, while
their forward ends will squeeze at least one ring sector in
contact with at least one casing element, between them. The
ring sector and casing element forced into contact with each
other are designed to fit into the space formed between the
two longitudinal arms and open longitudinally along the for-
ward direction.

The elasticity and separation between the two longitudinal
arms of the locking units are chosen such that the applied
radial clamping 1s effective. In such cases 1t 1s extremely
difficult to extract these locking units, for example when
necessary during turbine maintenance operations, due to the
high radial clamping force applied by the longitudinal arms
on the circumierential rims. Consequently, 1n order to make
the extraction, the operator usually needs to use an unsuitably
shaped tool that might damage the locking units and sur-
rounding elements. For example, this situation might arise
when the operator attempts to slide a screwdriver between one
of the longitudinal arms of the unit and the circumfierential
rim 1n contact with this arm. The screwdriver 1s then used as
a lever arm and might damage both the longitudinal arm and
the circumierential rim concerned, or even injure the opera-
tor.
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Consequently, the design of existing locking units does not
enable fast and easy extraction, and also generates serious
risks of damaging clamping arms during this extraction.

SUMMARY OF THE

INVENTION

Therefore, the purpose of the invention 1s to at least par-
tially correct the disadvantages mentioned above for embodi-
ments according to prior art.

To achieve this, the first purpose of the ivention 1s a
locking umit for a device designed to attach ring sectors onto
an aircrait turbomachine casing, said unit extending along a
circumierential direction between a first circumierential end
and a second circumfierential end, the cross section of said

unit 1 a plane orthogonal to said circumierential direction
containing two clamping arms connected to each other at their
ait ends by a connecting arm extending approximately paral-
lel to the general direction between the two clamping arms,
the forward ends of the two clamping arms being designed to
squeeze at least one ring sector into contact with at least one
casing element, between them.

According to the invention, said unit 1s provided with a
passage enabling gripping of said unit on each side of a
fictitious median plane orthogonal to said circumierential
direction, each passage being formed 1n said connecting arm
and extending along a direction approximately parallel to said
direction between the arms.

Thus, the unit according to the invention provides an 1nno-
vative means of gripping 1t, designed to facilitate extraction
aiter 1t has been put into place on the ring sectors, for example
using an adapted tool.

The special positions of the passages at the connecting arm,
namely at a distance from the forward ends of the clamping
arms that squeeze the ring sectors into contact, means that
they can easily cooperate with an extraction tool without any
risk of adversely affecting the functions of this locking unat,
therefore particularly due to the lack of direct contact between
the tool and the above-mentioned ends. In other words, the
fact that these passages are gripped with a tool does not create
any direct mechanical force on the forward ends of the clamp-
ing arms that will therefore not be damaged by pressure
applied by the tool, since the applied loads are essentially
concentrated on the connecting arm that 1s oifset 1n the aft
direction from the sensitive zone.

Preferably, each direction line 1s a straight line, for example
extending approximately along the radial direction and there-
fore orthogonal to said circumierential direction along which
the locking unit extends. In other words, each straight line
preferably passes through an axis of a turbine on which there
are several of these units to force the ring sectors 1nto contact
with the casing elements. Obviously, the orientation of the
direction lines of the passages could be different from the
radial direction, for example 1t could be fixed such that the
two direction lines are approximately parallel to each other.

Preferably, the two passages are arranged on or close to
said first circumierential end and said second circumierential
end. These ends are 1n the least highly stressed portions of the
unit when the unit 1s 1in the ring sector clamping condition,
such that the presence of passages at these locations only
negligibly weakens the umt, and surrounding zones do not
need to be oversized.

Preferably, each passage 1s approximately cylindrical with
its ax1s corresponding to said direction line to facilitate manu-
facturing and cooperation with an extraction tool. As a result,
cach passage can indifferently be made as a through passage
or a blind passage. For through passages, the tool can pass
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through the unit along the direction line, whereas for blind
passages access 1s only authorised from the opening side of
the blind passage.

According to one preferred embodiment, each passageis in
the form of a groove along the direction line, such that the
bottom of this groove 1s approximately parallel to the direc-
tion along the spacing. Preferably, each groove can be formed
s0 as to open up 1n said circumierential direction. Alterna-
tively, without going outside the scope of the invention, each
groove could be formed so as to open up at the ait end along
a longitudinal direction along which each of the two clamping
arms extends.

Preferably, and especially in the case of grooves open 1n the
circumierential direction, each groove 1s approximately
semi-circular in shape when viewed from outside the unit and
along said direction line.

Regardless of what case 1s envisaged, each groove forms at
least one stop surface on said connecting arm, said stop sur-
face being orniented approximately towards a space between
the arms of the unit, defined between said clamping arms.
Theretore, this stop surface can be used as a bearing surface
for an extraction tool that can then be forced aftwards 1n the
longitudinal direction, to provoke the required extraction.
Naturally, the stop surface may be in different forms, for
example curved 1n the preferred case of the semi-circular
groove shape mentioned above, however the purpose 1is
always to cooperate with this surface to form an att stop 1n the
longitudinal direction for a tool being forced in this direction
alter having been 1nserted in the associated passage.

According to another preferred embodiment of this imnven-
tion, each passage has a closed delimitation line 1n a view
taken from outside the unit along said direction line. This
delimitation line may generally be an oblong or circular
reamed type line.

The locking unit preferably forms an angular sector of an
annular locking device, designed to be centred on the centre
line of the turbine on which such a device 1s fitted.

Another purpose of the invention is a device for fixing ring
sectors on an aircrait turbomachine casing comprising casing
clements formed with first aft circumierential rims on which
second aft circumierential rims of the ring sectors are applied,
the attachment device also comprising a plurality of locking
units like those described above engaged on said first and
second circumierential rims to hold them 1n contact with each
other. Theretfore 1n this case, the first and second circumier-
ential rims extending aftwards 1n the longitudinal direction
penetrate through the forward opening of the units defined
between the clamping arms, to be held radially in contact with
cach other.

Another purpose of the mnvention 1s a turbine in an aircraft
turbomachine comprising a ring sectors attachment device
like that described above, and/or at least one locking unit like
that described above. Alternatively, without going outside the
scope of this invention, 1t could be a turbomachine compres-
SOF.

Finally, another purpose of the mmvention 1s an aircraft
turbomachine comprising a turbine like that described above,
and/or a ring sectors attachment device like that described
above, and/or at least one locking unit like that described
above, this turbomachine indifferently being a turbojet or a
turboprop.

Other advantages and characteristics of the invention waill
become clear after reading the detailled non-limitative

description given below.

BRIEF DESCRIPTION OF THE DRAWINGS

This description will be made with reference to the
appended drawings among which:
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FIG. 1 shows a partial longitudinal sectional view of a
device for the attachment of ring sectors onto a turbine casing

ol an aircrait turbomachine according to a preferred embodi-
ment of this mvention, this view also corresponding to a
sectional view taken along plane P1 in FIG. 3, orthogonal to
the circumierential direction and passing through one of the
passages through which the unit can be gripped;

FIG. 2 shows a partial and enlarged view similar to that
shown 1n FIG. 1, this view also corresponding to a sectional
view along plane P2 1n FIG. 3, forming a fictitious median
plane orthogonal to the circumiferential direction;

FIG. 3 shows a perspective view of a locking unit forming
part of the ring sectors attachment device shown 1n FIGS. 1
and 2

FIG. 4 shows an enlarged view of the locking unit shown in
FIG. 1;

FIG. 5 represents the unit shown 1n FIGS. 3 and 4, the left
part showing a view along the direction line of the passage
formed 1n this part of the unit, and the right part showing a
view along the direction line of the other passage formed in
this part of the unait;

FIGS. 6ato 6¢c diagrammatically show a method of extract-
ing the locking unit shown 1n FIGS. 1 to 5;

FIG. 7 diagrammatically shows another method designed
to stmultaneously extract two locking units of the type shown
in FIGS. 1to 5; and

FIGS. 8 and 9 represent views similar to those shown 1n
FIG. 3, the locking device 1n the two figures being 1n the form
of two alternative embodiments.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1 and 2 show an overview of a device for the attach-
ment of ring sectors onto a turbine casing of an aircrait tur-
bomachine according to one preferred embodiment of this
invention.

On the figures, direction A corresponds to the longitudinal
or axial direction parallel to the longitudinal axis 2 of the
turbine and the turbomachine. Direction B corresponds to the
radial direction of the turbine, and direction C to the circum-
terential direction. The arrow 4 also diagrammatically shows
the main gas flow direction within the turbomachine, parallel
to direction A, the terms <<forward>>, <<upstream>>,
<<aft>>, <<downstream>> used 1n the remainder of this
description being used relative to a forward direction of
movement of the aircrait under the thrust of the turboma-
chine, this forward direction of movement being 1n the direc-
tion opposite to the arrow 4.

Retference 10 in FIG. 1 denotes the mobile blades of a high
pressure turbine stage of a turbojet that rotate 1n a turbine
casing 12 inside which casing elements 14 called spacers or
intermediate casing elements are fixed. The elements 14 sup-
port ring sectors 16 fixed circumierentially around the rota-
tion axis 2 of the turbine along direction C, the internal
surfaces of these ring sectors forming a continuous cylindri-
cal surface that delimits the outside of a gas flow path passing
inside the turbine.

The ring sectors 16 extend around the turbine axis along
direction C covering an angle from about 10 to 20°, and there
may for example be about 30 of them.

The upstream end or the forward end of each ring sector 16
comprises a cylindrical-shaped circumierential rim 18
through which 1t 1s attached or fixed to a spacer 14, and 1t also
comprises a cylindrical portion of a circumierential rim 20
that 1s applied onto a cylindrical portion of a circumierential
rim 22 corresponding to the spacer 14. In the following, the
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circumierential rim 22 1s called the first circumierential rim
and the circumierential rim 20 1s called the second circum-
terential rim.

The two circumierential rims 20 and 22 extending along
direction A are held 1n contact with each other along direction
B 1n which they are superposed by a C or horizontal U-shaped
locking unit that 1s engaged through the aft part onto the
circumierential rims 20 and 22, holding them radially
clamped onto each other.

The locking units 24 jointly form an annular locking device
centered on the axis 2, forming an integral part of the ring
sectors attachment device. Thus, each device 24 1s 1n the form
of an angular sector of the annular locking device, for
example extending over about 10 to 20° along direction C.
They are made adjacent to each other along direction C to
form a complete and preferably continuous ring, for example
about thirty of them may be centred on the axis 2.

Note 1n this respect that if the angular extent of the units 24
around the turbine axis 2 may be of the same order of mag-
nitude as the angular extent of the ring sectors 16, this extent
could also be larger without going outside the scope of the
invention. Thus, depending on the case, one locking unit 24
could be provided for each ring sector 16 or for several ring
sectors 16.

The ring sectors 16, the spacers 14 and the locking units 24
are metallic, or made of a metal matrix composite MMC or
other materials and the locking units 24 are fitted elastically
squeezed onto the circumierential rims 20 and 22 to squeeze
them 1n contact with each other with a certain prestress along
the radial direction B as will be described below.

As shown diagrammatically in FIG. 2, the aft end of the
second circumierential rim 20 of the ring sector 16 terminates
in radial teeth 26 oriented outwards, and engaged in corre-
sponding notches in the first circumierential rim 22 of the
spacer 14, so as to fix each ring sector 16 in rotation about axis
2 of the turbine on a spacer 14.

In general, as seen 1n a section 1n a plane orthogonal to
direction C as shown 1n FIG. 2, each locking unit 24 com-
prises two clamping arms 28 and 30, called the radially outer
and radially inner longitudinal arms respectively, that are
rigidly connected to each other at their aft end through a
connecting arm 32, and the forward ends of which are applied
onto the outer cylindrical face of the first circumierential rim
22 of the spacer 14 and onto the mner cylindrical face of the
second circumierential rim 20 of the ring sector 16, respec-
tively. Globally, the circumierential arms 28, 30 extend lon-
gitudinally along direction A at a spacing from each other
along a general spacing direction, 1n this case preferably
along the radial direction B. The circumierential arm 32
extends approximately along this spacing direction, namely
along the radial direction B, to connect the two aft ends of the
arms 28, 30. Theretfore, these latter two arms jointly form a
space between arms 40 open forwards along direction A
through which the rims 20, can pass, and closed at its aft end
along this direction A by the connecting arm 32.

Although FIG. 2 shows that in a section orthogonal to
direction C, the unit 24 1s 1n the form of a C or a horizontal U,
it must be understood that the unit extends with the same
shape over a given angular sector along direction C, between
a first circumierential end 24a and a second circumierential
end 245 as shown 1n FIG. 3.

More specifically with reference to this figure, one of the
special features of this invention lies 1n the presence of means
preferably at or close to the circumierential ends 24a, 245 that
enable gripping of the locking unit 24, globally arranged
towards 1ts ait end, particularly on the connecting arm 32.
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These means are 1n the form of two passages, each 1n the
form of a groove, located on each side of plane P2 forming a
fictitious median plane orthogonal to direction C. More pre-
cisely and as mentioned above, the two grooves 42 are
arranged at the ends 24a, 245 respectively and are specific 1n
that each extends along a straight direction line 44, preferably
along a radial direction parallel to the arm 32. Note that since
the two radial straight lines 44 are at a circumierential spacing,
from each other, they are not really parallel to each other,
although such a configuration could be envisaged.

FIGS. 3 to 5 show that each groove 42 extends cylindrically
along 1ts straight direction line 44, being formed at least partly
on the connecting arm through which it passes preferably
entirely along direction B. In the preferred embodiment
shown, each groove 42 1s formed not only on arm 32, but also
through an aft part of each of the two clamping arms 28, 30
while remaining at a distance from their forward contact ends.
Nevertheless, each groove 42 could be formed only on the
arm 32, without going outside the scope of the invention.

Each groove 42 opens along the circumierential direction
C, namely 1ts bottom 46 i1s oriented along this direction
towards the outside of the unit. Preferably, 1n a view looking
from outside the unit and along direction line 44, as shown 1n
FIG. §, the groove 42 1s approximately semi-circular in shape
with its diameter corresponding to the opening of the groove,
and the curved part opposite the diameter corresponding to
the bottom 46 of the groove. The curved part reference 51
adjacent to the diameter and on the side of the arm 32, forms
a stop surface on this connecting arm, therefore the stop
surface 51 1s approximately parallel to the radial direction B
and oriented approximately towards the space 40 between the
arms. This stop surface 51 can then be used as a bearing
surface for a tool for extracting the unit 24, that can then be
forced aftwards along the longitudinal direction to provoke
the required extraction. The grooves 42 that enable gripping
of the unit 24 will facilitate 1ts extraction aiter 1t has been put
into position on the ring sectors 16. The special position of
these means shifted aftwards on unit 32, makes 1t easy for
them to cooperate with an extraction tool without any risk of
adversely alfecting the functions performed by this locking
umt 24, therefore particularly due to the lack of any direct
contact between the tool and the forward end of the arms 28,
30. Consequently, as will be described below, the fact that
these grooves 42 are gripped with a tool penetrating into them
and bearing on stop surfaces 51 does not create any direct
mechanical load on the longitudinal clamping arms 28, 30
and therefore there 1s no risk that they might be damaged by
the tool pressure.

FIGS. 6a and 6c¢ diagrammatically show a method
designed to extract a locking unit 24 initially located in 1ts
position 1n which it clamps the ring sectors 16, shown 1n the
previous figures. An appropriate shaped tool 1s used for this
purpose, with a head globally in the shape of a fork with two
arms provided with two ends 52, for example 1n the form of a
cylindrical pin complementary to the shape of the grooves 42
in which they will penetrate, as can be seen better in FIG. 65
along the radial direction B.

Each of the two ends 52 i1s inserted 1into one of the two
grooves 42, for example by moving the tool in the radial
direction with the centre line of each pin approximately coin-
cident with the direction line of 1ts associated groove. There-
fore to achieve this, the tool 50 needs to move above the unit
24 along direction B, or below 1t along direction B, due to the
through nature of the grooves.

The tool 1s then moved aftwards manually or automatically
along the longitudinal direction A, as shown 1n FIG. 6¢, which
has the effect of bringing the pins 52 into contact with their
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corresponding stop surfaces, if they are not already 1n contact.
The result of continuing this action on tool 50, diagrammati-
cally shown by arrow 54 1n FI1G. 6¢ 1s to progressively move
the unit 24 along direction A by sliding the arms 28, 30
altwards on rims 20, 22, until the unit 24 1s completely
extracted, thus releasing the associated ring sectors 16.

FI1G. 7 shows another extraction method aimed at simulta-
neously extracting two units 24 that are directly consecutive
along direction C, using a single tool 50. This 1s done by
making this tool 50, shown diagrammatically in FIG. 7, with
a fork-shaped head with two arms, each of which 1s provided
with two ends 52, for example in the form of a cylindrical pin
complementary to the shape of the grooves 42 1n which they
are mtended to penetrate, namely preferably semi-circular in
shape. Furthermore, the tool comprises a third pin 38 that in a
top view 1s 1n line with the other two pins 52 and that has a
shape complementary to the space formed by the two facing
grooves 42 into which 1t 1s designed to penetrate. This shape
1s then preferably semi-circular.

Thus, the central pin 38 penetrates simultaneously into the
two facing grooves 42, each belonging to one of the two units
24, these two facing grooves jointly forming a housing having
an approximately circular section with a shape complemen-
tary to the shape of the pin 38. At the same time, each of the
two end pins 52 1s inserted 1nto the corresponding groove 42
in the corresponding unit 24, namely those at the circumfer-
ential ends of the pair of units concerned, for example always
by moving the tool i1n the radial direction. Therefore to
achieve this, the tool 50 would be presented above the two
units 24 along direction B, or below the units along this
direction.

The tool 50 1s then forced aftwards along the longitudinal
direction A to extract the two units, as shown by the arrow 1n
FIG. 7.

Other designs could be adopted for the locking device
according to the ivention, like those shown 1n FIGS. 8 and 9
in which the passages forming gripping means are moved
towards the centre, namely moved away from the circumier-
ential ends 24a, 245 but their positions remain on opposite
sides of the fictitious median plane P2.

In FIG. 8, each of the two passages 1s also 1n the form of a
groove 42 extending along a straight approximately radial
direction line 44, but opening up radially aftwards and no
longer circumierentially as they did in the previous embodi-
ment. Preferably, in a view (not shown) from outside the unit
and along direction line 44, the shape of each groove 42 1s
open and approximately circular, but extends over an angular
sector larger than 180° so as to form a stop surface 51 on each
side of the groove opening. Therefore each of the two curved
stop surfaces 51 1s approximately parallel to the radial direc-
tion B and approximately facing the space 40 between the
arms. Once again, these stop surfaces 51 can act as a bearing
surface for an extraction tool of the unit 24 that can then be
forced aftwards along the longitudinal direction to provoke
the required extraction.

In this embodiment, the bottom of the groove 46 facing
altwards along the longitudinal direction A, may indifferently
be provided on the connecting arm 32 along 1its full length 1n
direction B, or on an aft part of the clamping arms 28, 30 as
shown 1n FIG. 8.

The embodiment shown 1n FIG. 9 1s different from the two
previous embodiments in that the two passages for gripping,
are no longer in the form of grooves, but are more like ream-
ings. In a view (not shown) from outside the unit and along the
direction line 44, each passage 1s bounded by a closed delimi-
tation line 60, for example with a circular or oblong shape.
The passages formed are then also formed only on the con-
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necting arm 32 or are staggered on this arm 32 and the two
clamping arms 28, 30 as shown in FIG. 9.

The aft part of each passage 42 that preferably extends
along the connecting arm along direction B, also forms a stop
surface 51 approximately parallel to this radial direction B
and approximately oriented towards the space between the
arms 40. Once again, these stop surfaces 51 can then be used
as a bearing surface for an extraction tool for the unit 24, that
can then be forced aftwards along the longitudinal direction to
provoke the required extraction.

Obviously, those skilled in the art could make various
modifications to the invention that has just been described
solely through non-limitative examples.

The mvention claimed 1s:

1. A locking unit for a device configured to attach ring
sectors onto an aircrait turbomachine casing, the unit extend-
ing along a circumierential direction between a {irst circum-
ferential end and a second circumferential end, the unit com-
prising:

in a cross section of the unit 1n a plane orthogonal to the

circumierential direction, two clamping arms connected
to each other at theiwr aft ends by a connecting arm
extending between the two clamping arms, forward ends
of the two clamping arms configured to squeeze at least
one ring sector mmto contact with at least one casing
element, between them: and

a passage enabling gripping of the unit on each side of a

fictitious median plane orthogonal to the circumierential
direction, each passage being formed 1n the connecting,
arm, extending along a direction line approximately par-
allel to the direction between the arms, and

wherein each passage 1s approximately cylindrical with 1ts

ax1s corresponding to the direction line.

2. A locking unit according to claim 1, wherein each direc-
tion line 1s a straight line.

3. A locking unit according to claim 1, wherein the two
passages are arranged on or close to the first circumierential
end and the second circumierential end.

4. A locking unit according to claim 1, wherein each pas-
sage 1s a through passage or a blind passage.

5. A locking unit according to claim 1, wherein each direc-
tion line extends approximately radially.

6. A locking unit according to claim 1, wherein each pas-
sage 1s 1n a form of a groove extending along the direction
line.

7. A locking unit according to claim 6, wherein each groove
1s configured to open up 1n the circumierential direction.

8. A locking unit according to claim 7, wherein each groove
1s approximately semi-circular in shape when viewed from
outside the unit and along the direction line.

9. A locking unit according to claim 6, wherein each groove
forms at least one stop surface on the connecting arm, the stop
surface beimng oriented approximately towards a space
between the arms of the unit, defined between the clamping
arms.

10. A locking unit according to claim 1, wherein each
passage has a closed delimitation line 1n a view taken from
outside the unit along the direction line.

11. A locking unit according to claim 10, wherein each
delimitation line 1s generally an oblong or circular line.

12. A locking unit according to claim 1, forming an angular
sector of an annular locking device.

13. A device for fixing ring sectors on an aircrait turboma-
chine casing comprising:

casing elements formed with first aft circumierential rims

on which second aft circumierential rims of the ring
sectors are applied; and
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a plurality of locking units according to claim 1, engaged
on the first and second circumierential rims to hold them
in contact with each other.
14. A turbine 1n an aircraft turbomachine comprising a ring
sectors attachment device according to claim 13. 5
15. An airrcraft turbomachine comprising a turbine accord-

ing to claim 14.
16. A turbomachine according to claim 15, which 1s a

turbojet or a turboprop.
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